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PRINCIPLES  OF  TILLAGE  AND  ROTATION. 

By  Wm.  H.  Day,  B.A.,  Lecturer  in  Physics. 

It  is  the  chief  purpose  of  tillage  to  improve  tlu-  condition  of  the  soil 
in  order  that  it  may  the  better  minister  to  the  plant,  which  needs  mois- 
ture, air,  warmth,  food,  and  proper  sanitary  environment. 

Perhaps  the  most  important  factor  in  crop  production  is  the  proper 
supply  of  moisture,  for  on  this  depend  all  the  others.  If  the  water  .s 
excessive,  the  soil  is  cold,  and  ^termination  and  growth  slow,  air  cannot 
reach  the  roots,  and  the  plant  suffocates,  grows  sickly,  and  refuses  to 
assimilate  the  food.  If,  on  the  other  hand,  the  water  is  insufficient,  no 
amount  of  air,  warmth  or  food  can  avail  to  produce  a  crop.  Hence  we 
shall  notice  first,  tillage  in  relation  to  soil  moisture. 

It  may  be  well  at  this  juncture  to  inquire.  "Whence  do  crops  draw 
their  supply  of  moisture?    Do  the>  draw  it  mainly  from  the  rains  that  fall 
throughout  the  growing  season,  or  do  they  draw  it  rather  from  the  store 
of  water  in  the  soil  beneath,  accumulated  there  from  the  April  showers, 
the  snows  of  winter,  and  the  rains  of  autumn?"     This  is  a  vital  point, 
on  it  hangs  the  whole  question  of  cultivation.     If  the  supply  is  drawn 
mainly  from  the  summer  rains,  then  our  cultivation  must  be  such  that 
the  soil  will  absorb  quickly  the  water  of  those  summer  rains,  and  rid 
itself  quickly  of  the  surplus ;  if  it  is  drawn  mainly  from  the  sprmg,  winter 
and  autumn   precipitation,   then  our  cultivation  must  be  varied  accord- 
ingly     Whether  they   draw  from  the  summer   or   winter  precipitation, 
depends  to  a  certain  extent  upon  the  season.     During  a  very  wet  season 
plants  feed  largely  upon  current   rains,   but  during  a  moderate  or  dry 
season  they  have  to  draw  from  the  store  below,  because  the  evaporation 
from  the  soil  and  the  transpiration  by  the  plant  exceed  the  amount  o 
rainfall  while  the  plants  are  growing.     Let  me  give  you  here  the  result 
cl  a  little  test  we  have  made  on  this  point.     Last  year  was  a  rather  dry 
season.     W^e  sowed  wheat,  peas,  barley,  and  oats  m  four-gallon  crocks, 
and  set  them  outside  where  they  received  all  the  ram   that  fell  durinj.- 
their  period  of  growth,  but  this  was  found  insufficient,  and  the  crocks 
were  watered  at  intervals  as  necessary.     The  results  were  as  follows :- 


Table  Showing  Rainfall  and  Depth  of  Water  in  inches  used  by  Crops 

during  a  Dry  Season. 


Crop. 


WhMt 
PMw... 
Barley. 
OkUi... 


Depth  of  rain 

while  crop 
WM  growing. 


10.51 

12.60 

7.91 

7.91 


l>epth  of 
water  added. 


12.09 
14.88 
10.61 
13.24 


Total  depth 

of  water  aaed 

bjr  crops. 


ToUl  depth 

cninpared 

with  rainfall. 


22.00 

27. SM 
18.62 
21.16 


2.16 
2.19 
3.16 

2.67 


m»t.I?»L  '  5"*  "°P''  *'""''8^  *''*••■  P^""**  of  trro^th.  used  approxi. 
mately  two  and  one-quarter  times  as  much  water  as  fellin  rain  sTnce 
he  plants  d.d  not  grow  as  large  or  strong  as  those  in  actual  field  condU 
tions  we  are  safe  m  assuming  that  field  crops  used  as  much  as  or  even 
more  than  those  in  the  crocks.  Last  season  was  about  Tn  average  one 
Thus  we  see  that  under  ordinary  conditions,  if  the  crops  are  to  i  suDoHed 
with  all  he  water  they  need,  there  must  b;  a  great  store  of°t  in  the  loU 
«-!!„'""'''  l^^^  """^  1"^-    "*^"«'  •"  anticipation  of  an  ave  age  or  dry 

XetkbU^eatT;,!*!'  '°'!  ""'^  P"»  '»  '"  -<=»>  «  -"^  that  i^ 
will  retam  a  great  deal  of  the  spnng,  winter  and  autumn  precioitation   The 

hTeaM;  X't  ZZ  "'  °"  ^^'■°°f  °^  '""^  -"-  »°  ouraSg  durlg 
th^r^L'^  !  ?*'*''°"'  •*"*  '*  ^«»  tJ^oupht  that  possibly  the  loss 

there  was  very  much  in  excess  of  what  it  would  be  at  ^Vro..„^      v 
about  the  middle  of  the  season  half  the  ciocrwer^emo^edTthe  ga  ° 
den    part  bemg  set  on  the  ground  and  part  in  the  gTound  Ibout  ifjl 

T  Ji'  ^J*r'"  '^  '°^''"  ^'""^  '^"^  '°"""  "d  thf  Tauer  S^  scales 
showed  no  difference,  though  the  loss  from  those  on  the  r^f  was  sliVhttv 
greater  than  from  those  in  the  garden.  But  »'  •  firn  tL  HnTy  e?Jlrf 
ment  are  seldom  made  in  just  the  same  w?  .    .  Mu^nrnn«    Tt." 

season  (,906)  all  crocks  were  set  in  the  r   >  aTeW  oTbarl J   a 

The  crocks  had  a  capacity  of  four  gallons,  were  10  inches  in  dia 

ThTd/lJ  '•''*"*  "  °''  '^  r^"  ^''^P'  ""»  *=*"^ht  all  the  raTn  that  feS 
Jhe  day  they  were  set  outside  a  very  heavy  rain  fell,  and  having  wdghed 
them  just  before  the  rain,  we  weighed  them  again  just  afteJ^aiTd  Sm- 
^''  Kl^'.r "  u  r'^  °"^  rain^auge.  It  was  found  thatTecrt^ksTd 
absorbed  the  whole  shower.  None  of  the  rain  was  lost  by  drainage  We 
had  a  drainage  tube  in  the  bottom  of  each  crock,  but  not  once  during  Ihe 
whole  season  was  the  rain  sufficient  to  saturate  the  soil  and  cause  perco^ 
lition  The  quantity  of  rain  required  to  saturate  the  soil  de^nds  on  S^ 
amount  of  moisture  in  the  soil  when  the  rain  comes.  We  tested  tiat 
pomt  once  during  the  season.  We  let  the  soil  dry  out  until  thr«rS?n 
began  to  wilt.  The  amount  of  water  in  the  soil  at  wilting  point  variS 
a.  different  soils.  This  was  a  loam,  and  by  actual  test  las  found  to 
contain  7.3  per  cent,  water  when  the  plants  wilted.     Water  was  added  to 


the  crocks  until  it  began  to  run  out  of  the  drainage  tube.  When  perco- 
lation had  just  ceased,  they  were  weighed  again,  and  it  was  found  that 
to  saturate  the  soil,  which  was  nine  inches  deep,  it  required  two  and 
one-hcif  inches  of  water.  That  is,  in  time  of  drouth,  when  your  crops 
begin  to  wilt,  it  would  require  a  rain  of  two  and  a  half  inches  to  saturate 
the  soil  nine  inches  deep.  That  explains  why  it  takes  so  much  rain  to 
"break  the  drouth."  In  all  our  records  here,  we  have  no  such  rain  in  24 
hours.  Only  two  or  three  times  have  we  had  as  much  as  two  inches.  A 
rain  of  one  and  one-quartei  inches  would  saturate  the  soil  four  and  one- 
half  inches  deep,  but  gravity  and  capillarity  would  carry  part  of  the  water 
farther  down,  so  that  such  a  rain,  which  would  still  be  a  heavy  one. 
would  moisten  the  soil  probably  eight  or  ten  inches.  Since  the  soil  is 
seldom  so  dry  as  to  be  at  the  wilting  point,  but  generally  contains  from 
15  to  30  per  cent,  of  water  and  sometimes  more,  a  rain  of  about  one  inch 
IS  often  sufficient  to  cause  percolation.  A  saturated  loam  contains  about 
30  to  35  per  cent,  water,  by  weight. 

The  season  of  1906  was  a  very  wet  one  during  the  growing  time, 
and  the  same  test  resulted  as  follows  : — 

Table  showing  Rainfall  and  Depth  of  Water  used  by  Crops  tfuring  a 

Wet  Season, 


Crop. 

Depth  of  rain 

while  crop 

was  growing. 

Depth  lost 
by  drainage. 

1.00 
1.00 
1.00 
1.00 

Depth  of 
water  added. 

Net  depth 

of  water  used 

by  crops. 

Total  depth 
cunipared 

wiOk 
rainfall. 

Wheat  . . . 

Vtmt 

Barley  ... 
Oata 

12.62 
12.62 
12.62 
12.62 

6.00 
6.00 
6.60 
6.25 

17.32 
18.32 
18.82 
18.47 

1.38 
1.46 
1.49 
1.47 

Thus  we  see  that  during  a  wet  season  the  crops  do  not  use  as  much 
water  as  during  a  dry  one,  only  about  18  or  19  inches  in  1906,  as  com- 
pared with  23  or  24  inches  in  1905,  although  the  supply  was  much  more 
abundant.  Still  they  used  about  one-half  more  than  the  rainfall ;  but 
an^  soil,  whatever  its  condition,  retains  enough  of  the  spring  and  winter 
precipitation  to  supply  this  deficiency.  The  table  also  shows  that  part 
of  the  rain  was  carried  away  in  drainage.  In  actual  field  conditions  the 
amount  to  be  thus  removed  would  be  much  greater.  Moreover,  it  is  a 
matter  of  common  observation  that  excessive  water  standing  in  the  soil 
for  48  hours  or  more  is  very  injurious  to  plant  life.  Hence,  during  a 
wet  season  it  is  our  chief  concern  to  remove  the  surplus  water  befo.- 
its  presence  becomes  dangerous  to  the  crops. 

Now  it  is  a  curious  coincidence,  or  shall  I  say  a  provision  of  nature, 
that  in  most  soils  the  <y>nditions  which,  in  a  dry  season,  make  for 'the 
retention  of  great  stores  of  the  winter  and  spring  precipitation,  and  the 
subsequent  conservation  thereof,  are  the  very  conditions  that  in  a  wet 
reason  rid  the  soil  most  quickly  of  the  surplus  water.  It  behooves  us, 
then,  to  inquire  what  these  conditions  are.     First  and  foremost  a  proper 
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•oU  texture,  a  grwiuUtr  condition  not  too  fine  nor  too  coitrtc,  neither  too 
compact  nor  too  loose.  Let  me  illustrate  thia  by  a  simple  experiment. 
Here  arc  two  braitit  tubcv  with  sieve  bottoms.  Kqual  weights  ot  loam 
were  placed  in  them.  In  tube  Na  i  the  soil  was  packed  to  field  condi- 
tions; m  tube  No.  a  it  was  left  as  Ioom:  and  open  as  possible.  Uater  was 
poured  carefuUy  into  each  and  allowed  to  soak  through.  When  both 
soils  were  just  filled  with  water,  the  loose  one  contained  34  per  cent,  more 
than  the  compact,  in  soil  six  inches  deep  this  is  equivalenr  to  one  Inch 
of  ram,  i.#.,  if  a  loam  is  loosened  up  for  a  depth  of  six  inches  t  *^'iII 
absorb  one  inch  more  than  the  ccMnpact  soil  before  any  of  the  water  is 
lost  by  surface  run  off.  The  tubes  were  then  let  drain,  and  when  all 
drainage  had  ceased,  it  vas  found  that  the  k>ose  had  retaintd  zS  per 
ctnt.  more  water  than  the  compact,  which  amounts  to  four-fifths  of  an 
inch  in  six  inches  of  soil.  This  is  equivalent  t<i  a  very  heavy  rain.  A 
further  t.  st  was  made  with  these  two  samples.  We  measured  the  rate 
of  drainage,  and  it  was  found  that  the  IcxMe  soil  allowed  water  to  pass 
through  it  more  than  twice  us  fast  as  the  compact  did. 

This  illustration  demonstrates  one  of  the  chief  objects  in  fall-plow- 
ing, viz.,  the  absorption  and  retention  of  water;  it  also  teaches  that  deep 
plowing  will  achieve  this  object  better  than  shallow  plowing,  and  further 
that  .subsoilinp  may  be  beneficial,  provided,  of  course,  that  the  subsoil 
is  left  in  the  bottom  of  the  furrow,  as  demanded  by  other  conditions. 
It  should  be  said  here,  however,  that  there  are  some  soils,  e,g.^  light 
sandy  loam,  which  do  not  admit  of  loosening  up  to  any  great  extent,  for 
being  of  coarse  texture  they  dry  out  very  rapidly  when  loosened  up.  '  We 
may  infer  also  that  lands  with  open  subsoils  (not  too  open,  of  course,) 
will  have  greater  reserve  of  water  for  the  plants  in  time  of  drouth  than 
will  those  with  close  subsoils.  And  we  might  hence  inquire  if  there  is 
any  means  of  improving  the  texture  of  subsoils  of  the  latter  class.  In 
this  connection,  wc  recall  that  it  is  a  matter  of  common  experience  that 
well  drained  soils  will  wi  »and  a  drouth  better  than  »■  ir  soils  not  s«) 
well  drained,  although  the  crops  on  both  might  look  .  ally  well  at  the 
commencement  of  the  drouth.  This  result,  which,  at  first  thought,  might 
not  be  expected,  finds  its  explanation  in  the  fact  that  drainage  always  im- 
proves the  texture  of  all  he  soil  affected,  subsoil  as  well  as  surface  soil. 
Jind  with  improved  texture  the  water-retaining  capacity  is  increased. 
Thus,  when  the  soil  is  in  best  condition  for  supplying  water  to  the  crops 
in  a  dry  season,  it  is  likewise  most  capable  of  protecting  them  durinir  a 
wet  one. 

But  there  is  another  aspect  of  soil  moisture  that  during  seasons  of 
average  or  scant  rainfall  is  equally  as  important  as  that  already  consid- 
ered, viz.,  the  conservation  of  the  water  after  it  has  been  st-  ed  in  the 
joil.  The  one  great  source  of  loss  is  evaporation.  Few,  I  believe,  have 
&ny  conception  of  how  much  water  may  be  lost  in  thir  way.  We  h-  /e 
had  the  good  fortune  to  devise  a  reliable  apparatus  for  measuring  rhe 
amount  of  evaporation  from  water  surfaces,  and  have  been  making  con- 
tinuous tests  since  the  middle  of  May,  ai.  .  I  miftt  confess  that  we  have  ' 
been  surprised  at  the  results.  The  College  reservoir,  which  you  have  all 
seen,  is  approximately  100  feet  by  60  feet  and  12  feet  deep.     Hon  much 


water  do  you  luppote  evaporates  from  that  rcaervoir  per  day,  on  an 
average,  from  May  to  October?  Moat  people  gueas  in  gallons,  and  when 
we  suggest  barrels  they  look  incredulous ;  yet  it  is  a  fact  that  on  an 
average  during  that  whole  period  ao  barrels  a  day  were  lost  by  evapora- 
tion, a  depth  of  one-fifth  of  an  inch.  The  greatest  loss  on  any  one  day 
was  50  barrels,  which  occurred  between  b  o'clock  on  the  evening  of 
August  J4th  and  6  uo' ick  on  the  evening  of  August  ajth.  The  three 
days  preceding  had  been  excessively  warm,  but  about  4  o'clock  on  the 
J4th  the  'empcriiturc  dropped  kuddenly,  and  a  very  strong  wind  rose 
which  continued  throughout  the  night  and  the  followini^  day. 

In  measuring  the  evaporation  we  use  a  graduated  glass  standpipe 
of  water  which  feeds  automatically  into  an  evaporating  cup  so  arranged 
that  the  wind  cannot  blow  the  water  out  although  the  evaporating  surface 
i$  level  with  the  top  of  the  cup.  The  amount  that  has  passed  out  of  .e 
standpipe  gives  the  depth  of  water  evaporated  since  last  observation,  and 
from  this  we  can  calculate  the  amount  in  barrels.  When  wc  have  another 
season's  work  on  this  and  on  evaporation  from  soils,  we  hope  to  publish 
a  detailed  report  of  our  methods  and  our  results. 

An  evaporation  of  30  barrels  a  day  from  an  area  100  feet  by  60  feet 
is  equal  to  about  140  barrels  per  acre.  The  amount  will,  of  course,  vary 
with  the  situation,  exposure,  temperature,  etc.  What  the  exact  loss 
from  soils  would  be  during  that  period,  we  are  not  yet  in  a  position  to 
say,  that  problem  lies  all  before  us ;  but,  from  preliminary  tests,  we  have 
reason  to  believe  that  so  long  as  the  soil  is  bare  and  looks  moist  on  the 
surface,  evaporation  is  robbing  it  of  its  moisture  about  as  fast  as  it  takes 
water  from  the  reservoir.  But  as  soon  as  the  soil  looks  dry,  or  is  hidden 
by  a  crop,  the  rate  of  evaporation  falls    <T  very  rapidly. 

These  latter  conditions  are  best  brought  about  by  cultivating  and 
seeding  as  soon  as  the  land  is  dry  enough.  If  there  are  two  plots  of  soil 
side  by  side,  and  one  is  cultivated  and  the  other  is  not,  the  evaporation 
from  the  cultivated  one  is  much  greater  for  a  day  .<r  so  than  from  the 
other,  but  this  evaporation  takes  place  c  .efiy  from  the  lo,  netted  portion, 
and  hence  in  a  very  short  time,  provide  no  rain  {..ils,  rt"^  iayer  becomes 
dry  and  acts  as  a  blanket  to  protect  the  soil  below,  dimu  ling  trie  evap- 
oration in  one  test  v.^  made  by  63.5  per  cent.  Henre 
vital  importance  that  the  soil  should  be  cultivated  at  Ui* 
moment.  A  delay  of  one  week  in  this  operation  after  • 
rob  the  soil  of  from  one  to  two  inches  of  .vat;,'r,  an  ai 
tide  the  crop  over  the  critical  period  of  a  drouth.  Deei 
advisable,  for  all  of  the  loosened  layer  dries  out  in  tlmt 
and  since  the  deep  blanket  is  little,  if  any,  more  effective  ta.  «  the  thinner 
one,  the  extra  loss  from  the  thicker  blanket  itself  is  not  »oned  for  by 
greater  saving  of  water  in  lower  layers,  and  is  therefore  a  n       'oss  to  the 

plant. 

With  cereals  the  conservation   of   moisture  by   cultivate       may    in: 
continued  until  the  grain  is  nicely  up.  If  a  rain  has  come,  pat,     ^  do»- 
the   soil  and   destroying   the   loose  blanket   and    thus  setting    iw     ""apui 
evaporation  again,  it  is  good  practice  to  run  over  the  crop  with  Ht 

harrow  and  restore  the  blanket.     The  saving  in  moisture  will  rn 


IS  a  matter  of 

emi'Uest  possible 

-*)il  is  fi"  w  ill 

'^iiient  to 

in  is  not 

weather. 


^Ji!^  V*^  ^"^  ***  harrow  may  do  the  y.Ming  plants.  With  roou 
.  .u  ,"***•«'<*•  conservation  of  mointurc  may  be  continued  throuirh- 
out  the  whole  season.  Theoretically,  they  should  be  scuffled  or  Vulti- 
vated  after  every  heavy  rain.  This  frequent  working  may  not  b«  always 
poa»ible,  but  it  should  be  fd'owed  as  closely  as  practicable. 
....  .  ^T'''  ^*[°^\  *^''^  **^'  ■"'""»n  rain  is  usually  sufficient  to 
VH'^u  '  ■'•'''•*"»''V"«  wnscrvution  of  moisture  i.  not  essential. 

.  .c??  e»utomary  ganginjf  serves  to  sprout  the  weed  seeds  and  also. 
together  with  the  fall  plowing,  to  put  th^-  soil  in  condition  to  retain  enoush 

ZSai  •  l^  ?•""?  '"'^  ""'  '"  .ub-humid  or  scmi-arid  legionsihe 
tlHage  right  after  harvest  is  essential  for  the  purpose  of  conserving 
moisture,  as  well  as  for  the  reasons  already  given. 

Before  leaving  the  question  of  soil  moisture,  I  should  like  to  refrr 
pk"!  '  ^  ?S  ^"""^  '"  drainage  that  is  bein^r  done  by  the  department  of 
Ihy»'cs.  Throughout  the  Province  there  arc  thousands  of  acres  non- 
productive, or  under-productivc,  at  least,  which,  if  drained,  would  he 
the  very  best  of  Und.  People  are  realizing  this  more  and  more,  and 
drainage  operations  are  being  more  generally  undertaken  than  ,•  reto- 
tore.  But  in  many  cases  men  are  hesitating'  because  they  arc  nci  sure 
as  tothe  best  methods  of  going  about  it,  whether  they  have  fall  enouirh. 
IJe  best  courae  for  the  drain*,  etc.  The  department  of  Physics  is  en- 
cleavoring  to  help  these  men.  Anyone  having  such  difficulties  may  have 
trie  assistance  of  a  man  from  our  department  to  take  the  levels  of  his 
land,  determine  the  falls,  kxate  the  drains,  give  him  a  working  plan  of 
nis  farm  or  field,  and  advise  him  generally  as  to  the  best  methods  of 
operation.  The  condition  upon  whirh  this  service  is  rendered  is  that 
those  wishing  work  done  pay  the  railway  faro,  etc.,  of  the  per*...  .  snt 
6y  us.  When  the  applicant  lives  a  considerable  distance  from  Guelph. 
he  sometimes  clubs  together  with  one  or  two  of  his  neighbors  -vho  have 
work  to  be  done,  each  paying  a  share  of  the  expenses. 

We  have  done  a  great  deal  of  this  work  during  the  past  season, 
and  the  men  for  whom  we  have  done  it  express  themselves  very  strongly 
on  the  benefits  derived.  I  mention  it  here  because  of  its  connection  with 
the  subject  in  hand,  and  also  in  the  hope  of  making  the  scheme  mo.e 
widely  known.  For  the  initiation  of  the  plan.  I  wish  to  give  due  credit 
to  Professor  Reynolds,  my  predecessor  in  the  department. 

Another  important  soil  factor  is  proper  temperature.  There  is  a 
certain  temperature  at  which  each  kind  of  seed  germinates  best  Of 
the  more  common  cereals,  wheat  has  the  lowest  germinating  temperature 
at^about  70  ,  barley,  oats  and  peas  probably  in  the  order  named,  at  about 
00  .  1  his  may  throw  some  light  upon  a  result  obtained  by  the  Experi- 
mental department.  By  several  years'  tests  they  have  shown  that  the 
order  in  which  these  grains  should  be  sowed  is,  first  wheat,  second  bar- 
ley,  third  oats,  and  lastly  peas.  And  in  testing  six  different  dates  of 
seeding  at  intervals  of  one  week,  they  have  shown  that  for  wheat  and 
barley  the  first  sowing  is  the  best,  but  for  oats  and  peas  the  second 
Temperature  is  undoubtedly  one  of  the  factors  producing  this  result. 
This  question  and  that  of  soil  moisture  are  very  intimately  related.  \ 
wet  soil  is  a  cold  soil,  but  a  dry  one  is  a  warm  one.     The  seed  bed  of  a 


well  drained,  well  tilkd  soil  will  be  from  $•  to  15*  warmer  than  'hat  of 
a  poorly  drained,  poorly  tiih-d  one.  Thr  rcawm  for  this  ia  found  in  two 
facta:  (1)  The  behavior  of  different  »ub!ituncc>  towiird  heat.  It  ia  more 
ditHcult  to  raise  one  pound  of  water  one  degree  in  tempr  ature  than  or 
pound  of  any  other  »ubatancc  in  the  noil.  The  name  heat  would  warm 
dry  aand  10",  dry  clay  7",  dry  lo«m  7",  dry  mick  or  humun  5",  would 
warm  the  same  weight  of  wati-r  only  1".  1  .  <r\av  oily  be  proven. 
Take  a  pound  of  v^atcr  and  u  pound  of  »and  at  th  j;ae  temperature. 
Heat  the  *and  n"  and  put  it  in  the  water.  Th'-  temperature  of  the  water 
will  rise  1",  the  temperature  of  the  nand  fall  lo".  Again,  tike  two  aamplea 
ol  the  tame  aoil,  one  saturated,  that  is,  holding  all  the  wafer  it  can,  the 
other  half  saurated.  The  heat  that  will  raise  saturated  loam  f  will  raise 
half  saturated  loam  4.5";  and,  by  the  way,  a  half  saturated  soil  is  in 
about  the  Ijest  condition  for  age,  for  germination,  and  for  plant 
growth.  Hence,  from  a  ten  >«  urc  standpoint,  you  can  sec  how  essen- 
tial it  is  that  the  soil  shoul  Ix;  too  wet.  (3)  Evaporation  cools  the 
soil.  That  this  is  so  I  can  pusve  to  you  in  this  simple  way.  Here  are 
two  thermomelcrs.  They  Inith  read  67".  Here  is  u  wet  linen  sack  th.it 
just  fits  the  bulb.  One  would  think  it  should  be  the  same  temperature  as 
the  thermometer- ,  for  ull  have  been  lying  here  side  by  side.  I  slip  the 
wet  sack  on  one  thermometer  and  watch  the  result.  The  wet  bulb  reads 
59°,  I.e.,  8"  lower  than  the  dry  bulb.  These  readings  would  vary  for 
difTercnt  conditions.  The  only  possibk*  cause  for  this  phenomenon  is 
the  evaporation  from  the  gauze.  The  hent  trom  the  thermometer  is  goinj; 
into  the  gauze  and  into  the  water  and  evaporating  Hi.  water.  You  may 
take  •  certain  amount  of  water  and  heat  it  from  freezing  point  to  boiling 
point.  You  cannot  make  thr  water  any  hotter,  yet  the  flame  is  sending: 
more  heat  into  it  all  the  time.  What  is  becoming  of  that  heat?  It  is 
being  used  to  turn  the  water  into  vapor,  or  steam,  as  we  say.  It  takes 
535  ^''"e  '8  ^uch  h«at  to  turn  water  into  vapor  as  it  does  to  heat  it 
from  fret  ,,'  to  boiling  In  evaporation  the  same  thing  is  true,  only, 
siren  thei  i^  no  fire  to  supply  the  heat,  it  must  come  from  the  wat«r 
itself,  ind  hence  the  water  is  colder  than  the  surrounding  air.  The  very 
sjiu.e  phenomenon  occurs  wherever  evaporation  takes  place.  Hence,  the 
so>  icr  you  get  that  dry  blanket  of  soil  on  the  surface  and  check  the 
evap  >ration,  the  sooner  will  that  soil  become  warm  and  suitable  for  seed- 
germination   and   plant  growth. 

A  third  soil  factor  in  crop  production  is  the  proper  supply  of  air. 
Whether  the  roots  actually  breathe  this  air  as  the  leaves  do  has  never 
been  decided,  but  the  fact  remains  that  they  can  no  more  do  without  it 
than  the  leaves  cm.  Hut  absolute  exclusion  of  .'resh  air  occui-s  only 
when  the  soil  is  filled  with  water.  .Soils  in  a  good  state  of  cultivation 
permit  sufficient  change  of  air  for  all  our  crops  but  the  legumes.  We 
have  been  testing  this  point  both  last  year  and  this  year,  and  that  is  the 
conclusion  we  have  arrived  at.  I'eas,  Ijoans,  c'  ner,  cow  peas,  vetches, 
etc.,  would  all  be  benefited  by  more  air  thar  reaches  the  roots  under 
o'  linary  conditions.  This  may  explain  why  p  .is  do  so  well  on  sod  :  the 
soil  is  open  in  texture  and  allows  much  interchange  of  air. 

Perhaps  it  may  be  interesting  to  note  some  of  the  agencies  that  pro- 
mote aeration.     First,  there  is  change  of  temperature  of  the  soil.     The 


air  in  the  soil  expands  as  it  is  heated,  and  thus  some  of  it  is  driven  into 
the  atmosphere.  If  the  rise  in  temperature  amounts  to  lo"  when 
the  temperature  of  the  soil  stands  at  45°,  then  one-fiftieth  of  the 
air  in  the  heated  zone  is  expelled;  and  if  it  amounts  to  20°, 
then  one-twenty-fifth  is  expelled,  and  so  on.  The  change  of  atmospheric 
pressure  also  aids.  If  the  pressure  falls  half  an  inch,  the  air  expands  and 
about  one-sixtieth  of  it  escapes;  if  the  pressure  falls  one  inch,  one-thir- 
tieth esbapes.  Rain  is  a  very  potent  factor.  As  the  water  sinks  into  the 
ground,  an  equal  volume  of  air  must  be  displaced.  As  it  passes  away, 
by  drainage,  by  evaporation,  or  by  absorption  into  the  plant,  the  air  is 
drawn  into  the  soil  again.  Drainage  aids  very  materially.  When  rain 
falls  on  undrained  land,  the  imprisoned  air  must  escape  upward  through 
the  water  as  the  water  sinks  down;  the  two  actions  thus  opposing  one 
another,  the  air  escapes  very  slowly,  often  so  slowly  that  large  quantities 
of  water,  being  unable  to  make  their  way  into  the  soil,  run  off  the  surface 
and  are  lost.  But  if  the  soil  is  well  drained  some  of  this  run-off  may  lie 
prevented,  the  imprisoned  air  escaping  downward  through  the  drains  as 
the  weight  of  water  above  increases,  fresh  air  following  the  rain  into  the 
soil.  This  gives  us  another  reason  for  the  great  superiority  of  the  drained 
soil  over  the  undrained.  Proper  tillage  increases  the  efficiency  of  all  these 
agencies  of  aeration. 

Another  factor,  and  one  that  is  gaining  some  prominence  at  the 
present  time,  is  a  proper  sanitary  environment  for  the  roots.  The  latest 
investigations  of  the  Bureau  of  Agriculture  at  Washington  arouse  the 
suspicion  that  the  appkn  nt  "exhaustion"  of  soils  is  not  due  so  much  to 
the  depletion  of  the  stock  of  plant  food  as  to  the  lack  of  proper  sanitary 
conditions.  Animals  forced  to  exist  in  an  atmosphere  rendered  foul  by 
their  own  poisonous  exhalations  soon  cease  to  thrive;  the  plant  above 
ground  likewise  gives  up  waste  products,  which  if  not  removed,  become 
a  menace  to  its  safety ;  is  it  not  therefore  natural  to  expect  that  from  the 
roots  of  the  plant  also  there  are  excreta  that,  if  allowed  to  accumulate, 
threaten  its  very  existence?  As  proper  ventilation  is  necessary  to  insure 
the  health  of  the  animal,  as  diffusion,  drafts  and  winds  must  bring  fresh 
air  to  the  leaves,  so  musi  tillage  or  other  treatment  purge  the  soil  of  the 
injurious  substances  cast  off  by  the  roots.  In  this  purifying  process  it  is 
believed  that  air,  and  therefore  cultivation  and  drainage,  plays  an  im- 
portant part,  certain  fertilizer  ingredients  are  effective  under  certain  con- 
ditions, but  more  potent  still  is  organic  matter  in  the  form  of  humus. 
Thc'e  is  another  method,  however,  of  eliminating  the  toxic  or  poisonous 
effects  of  these  excreta.  Whatever  they  may  be,  it  appears  that  those 
cast  off  by  one  variety  of  plant  are  not,  as  a  rule,  injurious  to  another 
variety,  hence  the  possibility  of  rotation  of  crops.  By  the  time  the  first 
crop  comes  round  again,  the  intervening  cultivations  having  stirred  up 
the  soil,  exposed  it  to  the  weathering  processes,  allowed  the  air  to  enter 
in  and  permitted  the  humus  to  do  its  work,  all  the  excretions  Injurious 
to  that  crop  have  been  removed  or  neutralized  and  we  secure  a  yield 
equal  to  the  l?.st  one.  Hence  it  is  that  by  proper  rotation  we  may  go  on 
cropping  our  fields  from  year  to  year,  cropping  them  indefinitely,  with- 
out any  apparent  exhaustion,  and  indeed  by  wise  rotation  even  increasing 
the  yield.  _ 
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